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Abstract 

Thl-type cellular immune responses (interferon-y) play a critical role in protection against Leishmania spp. infection, 
whereas ThZtype cytokines (interleukin (IL)-4, IL-lo) have a counter-protective effect. IL-12, a potent inducer of Thl-type 
cellular immune responses, may play a pivotal role in the development of a protective response. We found that IL-10 and 
IL-12 mRNAs were expressed in most lesions of individuals with active cutaneous leishmaniasis. The quantity of IL-12 
mRNA was highly variable but correlated strongly with the level of interferon-y expression. IL-12 expression also paralleled 
the expression of IL-lo, a potent in vitro suppressor of IL-12 and interferon-y production. The more chronic, non-healing 
lesions generally had higher levels of IL-12 mRNA indicating that the expression of this cytokine alone was not sufficient to 
induce healing. Although1 the in situ production of IL-10 did not appear to block IL-12 expression, IL-10 may still promote 

disease by direct suppression of macrophage activation. 
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1. Introduction 

Cellular immune mechanisms mediate resistance 
to Leishmania spp. infection. Resistance in murine 

L. major infection is associated with the generation 
of interferon (IFN)-y by CD4+ T cells (Thl subset) 
[l]. Progression of disease in this model has been 
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correlated with the production of interleukin (IL)-4, 
IL-5, and IL-10 by another distinct subset of T cells 

(Th2) [ll. It has recently been demonstrated that 
IL-12, a potent stimulus of cellular immunity, can 
induce a protective immune response against several 
intracellular pathogens including L. major [2]. This 
cytokine product of monocytes/macrophages stimu- 
lates T and natural killer (NK) cells to produce 
IIN-?, enhances cytoxic natural killer activity, and 
drives T cell responses toward a predominant Thl- 
type response [3,41. 
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Peripheral blood lymphocytes from individuals 
with active or healed localized cutaneous leishmania- 
sis (LCL) produce Thl-type cytokines @N-y) in 
response to Leishmania antigens in vitro which are 

able to effect intracellular parasite killing [5]. The 
cellular immune response within the cutaneous le- 
sion however appears to be less restricted to Thl-type 
cytokines. Analysis of intralesional cytokine gene 

expression in LCL due to L. braziliensis infection 
showed that both Thl and Th2 cytokine mRNAs 
were present but the Thl transcripts were in greater 
quantity [6,7]. We studied the intralesional expres- 

sion of cytokine genes in patients with LCL caused 
by L. mexicana and found that IL-lo, IL-6, IL- 10, 
TGF-B, IFN-7, and TNF-(r mRNAs were abundant 
[8]. The expression of TNF-o, IL-lo, IL-IO, and 

TGF-l3 were significantly increased in chronic com- 

pared to early lesions. 
We postulated that IL-12 production would be an 

important part of the host protective tissue response 
to localized Leishmania infection. The purpose of 
this study was to examine the expression of IL-12 at 
the site of infection in human LCL, and to correlate 
its expression with its counter-regulatory cytokine, 
IL-IO. 

2. Materials and methods 

2.1. Patients 

Twenty patients from an area of the Yucatan, 
Mexico, where LCL is caused by L. mexicana were 
studied. Informed consent was obtained from each of 
the subjects in this study. The intralesional cytokine 
profiles, including IL-10 but not IL-12, of thirteen of 
these patients were included in a previous report [S]. 
The patients were diagnosed using clinical, epidemi- 
ological, histopathological, and parasitological crite- 
ria. The skin biopsies were obtained from the in- 
durated edge of the lesion prior to the institution of 
therapy. 

2.2. Isolation of RNA 

The isolation of total RNA from tissue specimens 
which had been snap-frozen in liquid nitrogen has 

been previously described [S]. RNA was extracted 
from pulverized frozen tissue with RNA lysis buffer 
(T&Solve, BIOTECX, Houston, TX) containing 
guanidinium isothiocyanate according to the manu- 

facturer’s instructions. 

2.3. Reverse transcription and polymerase chain re- 
action CRT-PCR) 

Qualitative and semi-quantitative RT-PCR was 

carried out as previously described [8,9]. Following 
first strand cDNA synthesis the DNA was amplified 

by PCR for either qualitative (Southern blotting) or 
semi-quantitative analysis. Qualitative PCR was car- 

ried out with a standard reaction mix containing: 5 
p,l 10 X reaction buffer (500 mM KCI, 100 mM 

Tris-HCl, pH 8.3, 1.5 mM MgCl,), 4 pl of dNTP 
mix (10.0 mM each of dATP, dCTP, dGTP, dTTP), 
0.25 p,l (1.25U) of Taq DNA polymerase (Boeh- 
renger Mannheim), l-2 p.1 of the reverse transcribed 

cDNA (or control template) and sterile dH,O to a 
total volume of 49,5 pl per reaction. 2.5 pl of each 
primer was added to give a final primer concentra- 
tion of 100 pmol/ml. The mixture was subjected to 

DNA amplification using a Ericomp thermal cycler 
set at 95°C for 1 min, 50°C for 2 min and 72°C for 2 
min for a total of 25 cycles. The PCR product was 

then separated for qualitative Southern blotting on a 
1.2% agarose gel. Semi-quantitative PCR was per- 
formed in identical fashion except that the concentra- 
tion of dNTPs in the stock dNTP mix was reduced to 
1 .O FM each, and 5 pCi of 32P-dATP (3000 
Ci/mmol, DuPont/NEN, Boston, MA) was added 
to each reaction after 20 cycles. The PCR products 
were quantified following urea-acrylamide gel elec- 
trophoresis by measurement of the incorporated la- 

beled nucleotide by automated p counting (Beta- 
Scope, Betagen, Walthem, MA). Standard curves 
were generated by 5-fold dilution of the cytokine 
cDNA templates prior to amplification. The input 
cytokine cDNA from the biopsies was quantitated by 
interpolation from the exponential linear portion of 
the standard curve. Extreme care was taken in the 
preparation of the PCR reactions to prevent any 
nucleic acid contamination and a negative control 
was included in each assay. 
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2.4. Oligonucleotides and DNA templates 

Oligonucleotide primers and probes were de- 
signed from published sequences and synthesized as 
previously described [9]. Primers flanked an intron 
so that any amplification of contaminating genomic 

DNA would be readily identified. Nucleotide se- 
quences of the PCR primers and internal probe cho- 

sen from the sequence of the IL-12~40 cDNA [4] are 
as follows: CTCCACATTCCTACTTCTCC ( + 
strand), TGGGTCTATTCCGTTGTGTC ( - strand), 
and GCTCATCTTGGAGCGAATGG (internal 
probe). The purified IIL-12~40 cDNA template was 
obtained as follows: Human PBMCs were stimulated 
with Staphylococcus aureus Cowan strain, the RNA 
isolated, and reverse transcribed as described above. 
The cDNA was then amplified using the primers: 

CTGTGACACCCCTCAAGAAG ( + strand) and 
TGGGTCTATTCCGTTGTGTC ( - strand) and the 
product ligated into the pCR II vector (Invitrogen) 
and introduced into a competent host according to 
the manufacturer’s instructions. The recombinant 
plasmid was then purified and a 330 bp EcoRI 

fragment isolated for use as the IL-12 cDNA tem- 

plate. The sequences of the IL-10 and p-actin oligo- 
nucleotides, and the cloned IL-10 and p-actin cDNA 

templates have been described [9]. 

2.5. DNA blot analysis 

Southern blotting was performed after agarose 
electrophoresis of PCR products followed by denatu- 

ration and neutralization of the gels. The DNA was 
then transfered to a nylon membrane (Nytran, Schle- 
icher and Schuell, Keene, NH), UV cross-linked 
(Stratalinker, Stratagene, La Jolla, CA), and hy- 
bridized with Digoxigenin-labeled specific oligo- 
nucleotide probes. The hybridization signal was visu- 
alized using a chemiluminescent detection system 
(Boehrenger Mannheim) according to the manufac- 
turer’s instructions. 

2.6. Statistical analysis 

Data were analyzed by simple regression analysis 
using Statview software. 

Table 1 

Clinical features of patients with localized cutaneous leishmaniasis 

Patient Age Sex Duration Number Location 

number of lesions 
Type Parasites 

detected by 

microscopy 

or culture 

Montenegro 

skin test 

320 22 M 4 months 1 ear ulcer + + 

473 13 M 

482 23 M 

483 25 M 

486 10 M 

487 12 M 

488 13 M 

490 16 M 

491 29 M 

492 17 M 

493 25 M 

499 18 M 

502 12 M 

505 27 M 

529 19 F 

530 22 M 

533 35 M 

542 22 M 

546 48 M 

566 17 M 

1 month 

1 month 

6 months 

4 months 

1 month 

2 months 

9 months 

4 months 

5 months 

4 months 

18 months 

10 days 

10 days 

5 months 

20 months 

5 months 

1 month 

2 months 

1 month 

1 

1 

1 

1 

2 

1 

1 

1 

1 

1 

1 

‘1 

1 

3 

1 

5 

1 

1 

1 

leg 
ear 

ear 

ear 

ear 

trunk 

face 

face 

face 

ear 

trunk 

arm 

arm 

ear 

neck, trunk, leg 

arm 

leg 
arm 

ulcer 

ulcer 

ulcer 

ulcer 

ulcer 

ulcer 

nodule/ulcer 

nodule/ulcer 

ulcer 

ulcer 

ulcer 

ulcer 

nodule 

ulcer 

ulcer 

ulcer 

ulcer 

ulcer 

ulcer 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
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3. Results 

The characteristics of the patients that were stud- 

ied are summarized in Table 1. The ages of the 
patients ranged from lo-48 years (median 20.5 years) 

and 19 of the 20 patients were male. All but three of 
the patients had a single lesion, and in all cases 
except one, the lesion was ulcerated. The time of 
evolution of the lesions ranged from 10 days to 20 
months (median 4 months). Leishmunia amastigotes 
were detected by microscopy or culture in 14 of the 

cases. All of the patients except one demonstrated a 
positive delayed-type hypersensitivity skin reaction 
to L. mexicana antigens (Montenegro skin test). 

Intralesional expression of both IL-10 and IL- 
12~40 was present in most of the 20 patients with 
active LCL, but neither could be detected in 3 biop- 
sies of normal skin (data not shown). Qualitative 
analysis of mRNA expression in some of the biop- 

sies of active cutaneous lesions by RT-PCR and 
Southern blotting indicated significant variation in 
the expression of the cytokine mRNAs with minimal 
differences in the expression of the housekeeping 
gene @actin (Fig. I). In order to better quantify the 
expression of these genes we analyzed equivalent 
amounts of total RNA from the different biopsies 
with a semi-quantitative RT-PCR method [8,9]. There 

was approximately a two-fold variation in the level 
of expression of @actin among the biopsy samples. 
After normalization of the cytokine expression to the 
level of p-actin in each sample there was approxi- 
mately a lOO-fold variation in the quantity of the 

IL-10 

IL-12 
__. 

499 505 331 529 530 533 542 544 
Patient Ntlmber 

Fig. 1. Expression of intralesional IL-10 and IL-12 in active 

cutaneous leishmaniasis. Southern blot analysis of IL-lo, IL-12, 

and p-actin cDNA following RT-PCR of lesion-derived RNA in 8 

patients. The amplified product was hybridized with an internal 
oligonucleotide and detected by chemiluminescent autoradiog- 

raphy. 

Id e 
0 .a 0 

.B. 

.7. 

d .a. 

-2 0 2 4 a a 10 12 14 

IL-10 cm 

Fig. 2. Quantitative analysis of intralesional IL-10 and IL-12 

expression in patients with active cutaneous leishmaniasis. RNA 

was isolated from biopsies of active cutaneous lesions of 20 

patients and quantified by RT-PCR as described in the text. The 

values for IL-12 (top panel) and IL-10 (middle panel) are derived 

from interpolation from a standard curve and have been normal- 

ized to the expression of l3-actin in the same biopsy. Plotting of 

IL-10 versus IL-12 expression (bottom panel) indicates a moder- 

ate degree of correlation (r’ = 0.50, P = 0.001 by simple regres- 

sion analysis). 

IL-10 mRNA (0.14 to 13.5 femtograms) and the 
IL-12 mRNA (0.01 to 0.96 femtograms) (Fig. 2), and 
the IFN-y mRNA (0.09 to 25.6 femtograms) (data 
not shown and [S]). There was greater IL-12 expres- 
sion in the lesions which had a duration of > 2 
months (mean + S.E. = 0.30 k 0.11 fg), than lesions 
with a duration of I 2 months (mean k SE. = 0.09 
f 0.03 fg> as we have previously demonstrated for 
other proinflammatory cytokines and IL-10 [8]. This 
difference, however, did not quite achieve statistical 
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significance (P = 0.05’7). In many of the tissue sam- 
ples there was significant expression of both IL-10 
and IL-12. IL-10 mRNA was consistently present in 
greater quantities than the IL-12 mRNA but the 
levels of expression of the cytokine mRNAs paral- 

leled each other. Whe:n analyzed by simple regres- 
sion analysis the expression of IL- 12 correlated mod- 
erately with the expression of IL-10 (r = 0.71, r2 = 

0.50, P = 0.001, Fig. 21, but strongly with the ex- 
pression of IFN-y (r =: 0.84, r* = 0.71, P = 0.0001). 
There was a similar correlation between the expres- 
sion of IL-10 and IFN-), mRNAs (r = 0.82, r2 = 

0.68, P = 0.0001). 

4. Discussion 

IL-12 has the potential to contribute to the anti- 

leishmanial host defense by stimulating IFN-)I pro- 
duction, promoting the expansion of Thl cells, and 
enhancing cytolytic activity. In this study we demon- 
strated the expression of IL-12~40 mRNA in the 
active lesions of patients with localized cutaneous 
leishmaniasis. The expression of IL-12~40 is tran- 
scriptionally regulated and has been shown to corre- 
late with the production of the functional IL-12 
heterodimer [lo]. The biological significance of the 
IL-12 mRNAs detected in the lesions we studied is 

supported by the fact that we found no detectable 
IL-12~40 expression in normal skin samples, and 

that EN-y, which is induced by IL-12, was promi- 
nently expressed in the lesions. Although in general 
there was 20-40-fold less IL-12~40 mRNA than 
IFN-y mRNA, there ‘was a strong correlation ( r2 = 

0.71) between the levels of these cytokines (normal- 
ized to p-actin) in the 20 lesions studied. 

Production of IL-12 has been demonstrated at the 
site of infection in human tuberculous pleuritis [ill 
and tuberculoid leprosy [12], but to our knowledge 
has not been studied in the lesions of human leish- 
maniasis. In vivo production of IL-12 has been 
demonstrated in mice infected with L. major [13,14] 

and the generation of IL-12 appears to play a central 
role in the control of -infection 1151. In this study, the 
in situ expression of IL-12 was highly variable in 
spite of the fact that the patient population was 
relatively homogeneous (they all came from the same 
endemic area, had one or a small number of ulcera- 

tive lesions, and demonstrated positive DTH skin 
reactivity to L. mexicana antigens). IL- 12 expression 
was greater in lesions of longer duration, so its 
expression alone was not sufficient to initiate a 

curative immune response. 
We also found that IL-10 expression correlated 

with the expression of IL-12 and IFN-y in these 

active lesions. In general IL-10 mRNA was present 
in about lo-fold greater quantity than the IL-12~40 
mRNA. IL-10 and IL-12 have antagonistic im- 
munoregulatory effects and have opposing effects on 
the host defense against intracellular pathogens. IL- 10 
is a potent inhibitor of cytokines produced by both T 
lymphocytes and monocytes and favors the develop- 
ment of a ThZtype immune response [16]. The 
inhibitory effect of IL-10 on IFN-y production is 

mediated through loss of accessory cell function by 
suppression of IL- 12 synthesis [ 171. Conversely IL- 12 

promotes the generation of a Thl cell response and 
inhibits the production of Th2 cytokines [3]. IL-10 
and IL-12 thus have opposing effects on cytokine 
production, expansion of T cell subsets, and 

macrophage activation. 
Considering these data it was surprising that there 

was correlation of the expression of these cytokines 
in the lesions of active LCL. The intralesional IL-10 
was clearly not sufficient to suppress IL-12 and 
EN-7 mRNA expression as has been demonstrated 
in in vitro studies of peripheral blood mononuclear 
cells 1171. Thus, in situ IL-10 expression may pro- 
mote persistent disease by a direct inhibition of 

macrophage activation 1181 rather than by suppres- 
sion of the Thl cytokine response. Ultimately, the 
induction of intralesional IL-10 may be an attempt 
by the host to limit the IL-12 mediated inflammation 
and resulting tissue damage. Indeed, recent data 
indicate that administration of IL-12 to naive mice 

can induce the expression of IL-10 1191. The balance 
of these two cytokines is likely to have a major 
influence on the evolution of leishmanial infection 

and disease. 
The co-expression of IL-10 and IFN-y in patients 

with active visceral and cutaneous leishmaniasis has 

previously been demonstrated [X,20]. Likewise, im- 
munization of mice with the whole bacterium Bru- 
cella ubortus simultaneously triggered IL-10 and 
EN-7 expression [21]. These data indicate that IL-10 
does not strictly segregate into a Th2-type response 
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in vivo. Because IL-12 is a major inducer of EN-y, 
and under certain conditions may trigger IL- 10 pro- 

duction, it may be a stimulus for the concomitant 
production of these cytokines which have opposing 
effects on parasite survival. It must be noted that the 

studies reported here were performed on established, 
active lesions and therefore the role of IL-12 in the 

early anti-leishmanial immune response remains to 
be investigated. Longitudinal studies of evolving le- 
sions are needed to further define the effect these 
cytokines have on the interaction between host and 

pathogen. 
Our studies involved a complex tissue which is 

composed of many different cell types which have 
the potential to produce IL-10 and number of other 
cytokines. The role of cutaneous cells (such as kera- 

tinocytes and Langerhans cells) in cytokine produc- 
tion and regulation of the cutaneous immune re- 
sponse has not been fully defined. Studies are 
presently underway to characterize the contribution 
of different cell types to this cytokine response. 
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